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,Q WKH IROORZLQJ ILUVW WKH LQOLQH IRUFHZLOO EH FRQVLGHUHGZKLFK LV WKH UHVXOWDQW KRUL]RQWDO IRUFH DFWLQJ RQ D
VXEPHUJHG F\OLQGULFDO SLSH DQGVHFRQG WKHYHUWLFDO FURVV IORZ IRUFHVZLOO EHGLVFXVVHG WKDWGHIOHFWV WKHSLSHV LQ
YHUWLFDOGLUHFWLRQ
3.1. Stability in cross-flow direction 
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(QYLURQPHQWDOOLPLWDWLRQVRIWKLVVWXG\VWDUWVZLWKWKHLQWHUPHGLDWHGHSWKDVVXPSWLRQVLQZKLFKZDYHKHLJKWFDQ
EHHIIHFWLYHWRJHQHUDWHPRPHQWXPIRUFHVEXWQRWHQRXJKRUELWDOYHORFLW\WRJHQHUDWHYRUWH[LQGXFHGYLEUDWLRQDWWKH
VHDERWWRP7KHUHIRUHWKHOLPLWVRQ.HXOHJDQ&DUSHQWHUDVEHWZHHQDQGZLOOEHPDLQWDLQHG$OVRLQWKLVUHVHDUFK
VXEFULWLFDOIORZFRQGLWLRQVPXVWEHSHUYDGLQJDURXQGWKHSLSHVXFKWKDWSDLURIYRUWH[FDQEHREVHUYHGDURXQGWKH
SLSH7KLVFDQRQO\EHDFKLHYHGZKHQIORZ5H\QROGV1XPEHU LVEHORZRUDURXQGî ,Q WKHFDVHRIFXUUHQW
YHORFLW\RFFXUUHQFHVDWWKHERWWRPRIWKHVHDWKHHIIHFWRIFXUUHQWYHORFLW\LVDOVRDGGHGWRWKHSK\VLFDOHQYLURQPHQW
RIWKHUHVHDUFKVWXG\,QRUGHUWREHDEOHWRFDOFXODWHWKHFXUUHQWYHORFLW\LWZDVLPSRUWDQWWRGHILQHWKHVHDGHSWK
ZKHUH VXEPHUJHG SLSHVZHUH ORFDWHG 7KH LQLWLDO DVVXPSWLRQ WKDW WKH VSDQQLQJ OHQJWK RI WKH SLSHVZLOO RFFXU DW
LQWHUPHGLDWHGHSWKV ݠGݠZDVVXFFHVVIXOO\XVHGZKLOHGHFLGLQJ WKHPDJQLWXGHRIFXUUHQWYHORFLW\7KH
UHVXOWDQWGHSWKVZHUHWRPHWHUVLQWKHVHD
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,QRUGHUWRLQLWLDWHWKHDQDO\VHVWKHZDYHGDWDWKDWZLOOILWWKHDERYHPHQWLRQHGFULWHULDDQGDVVXPSWLRQVZHUH
XVHGDVDQLQSXWYDULDEOHWRWKHDQDO\VLV7KHVHLQSXWYDULDEOHVZHUHWKHZDYHKHLJKW+ZDYHSHULRG7DQGWKHGHSWK
RIWKHVHDGLQZKLFKVSDQQLQJRIWKHVXEPHUJHGSLSHVDUHDVVXPHGWRRFFXU(YLGHQWO\WREHDEOHWRPLQLPL]HWKH
OHYHODQGSHUFHQWDJHRIPLVWDNHVGXULQJWKHUHVHDUFKDFRPSDUDWLYHSURFHVVEDVHGRQGLIIHUHQWLQIRUPDWLRQUHVRXUFHV
LVSUDFWLFDO
4.1. Polyethylene pipe  
3RO\HWK\OHQHSLSHVZLWKGLIIHUHQWGLDPHWHUVDQGGLIIHUHQWOHQJWKVDUHJRLQJWREHPRGHOOHGUHJDUGLQJWKH',1
>@JXLGHOLQHVIRUVXFKSLSHOLQHV7KLVVWDQGDUGGHPRQVWUDWHVGLPHQVLRQVIRUSLSHVPDGHRISRO\HWK\OHQH3(,WLV
GLUHFWHGDWPDQXIDFWXUHUVDQGXVHUVRI3(SUHVVXUHSLSHV
7DEOH3LSH,QSXW3DUDPHWHUV
,QSXW3DUDPHWHUV 6\PERO 0DJQLWXGH 8QLW
2XWHUSLSH'LDPHWHU '  P
:DOO7KLFNQHVV 'LIIHUHQWWKLFNQHVVHVIURP,62+'3(VWDQGDUGVL]HDQGGLPHQVLRQ
3LSH0DWHULDO +LJKGHQVLW\SRO\HWK\OHQH±3(
+'3('HQVLW\ ȇKGSH  .JP
<RXQJ¶V0RGXOXV ( כ 3D
3RLVVRQ¶V5DWLR ȞKGSH  
3ODVWLF6HFWLRQ0RGXOXV =S ᤀ
ଷଶୈǤ
ሺ଴ସ୍ସ
<LHOG6WUHVV )<  1P
0RPHQWRI,QHUWLD , ஠
଺ସ
଴ସ୍ସ
6DIHW\)DFWRU &  
+'3(SLSH   
6XSSRUWV7\SHV 6LPSO\VXSSRUWVDWERWKHQGV
(QYLURQPHQWDO5HVXOWDQGGLVFXVVLRQ
7KH FDOFXODWLRQ RI LQOLQH DQG FURVVIORZ IRUFHV KDV VKRZQ WKDW WKH H' UDWLR LV LPSRUWDQW WR XQGHUVWDQG WKH
OLPLWDWLRQIRUGLIIHUHQWOLIWIRUFHLQFURVVIORZYLEUDWLRQ%\WKHKHOSRIJHQHUDWHG0$7/$%FRGHVHYHUDOGLIIHUHQW
H'UDWLRVDUHXVHGWRGHILQLWHWKHUDWLREHWZHHQLQOLQHIRUFHVDQG&URVVIORZIRUFHV,WLVREVHUYHGWKDWZKHQH'!
WKHLPSRUWDQWRIOLIWIRUFHYDQLVKHVFRPSDUHGWRWKHLQOLQHIRUFHV7KLVPHDQVWKDWLPSRUWDQWRIWKHFURVVIORZYLEUDWLRQ
EHFRPHVQHJOLJLEOHDQGLQOLQHYLEUDWLRQVGRPLQDWHEHKDYLRXURIWKHSLSHDVVKRZQLQ)LJXUH$VVKRZQLQWKH)LJXUH
 WKH H' UDWLR LV EHWZHHQ DQGGRHV QRW FKDQJH WKH UDWLR EHWZHHQ ,QOLQH IRUFHV DQG OLIW IRUFHV WKHUHIRUH
UHIHUHHLQJWRUHIHUHQFH>@WKHHIIHFWRIRFFXUUHQFHRIOLIWIRUFHVVWDUWLQH' DQGWKLVYDOXHZLOOEHDFFHSWHGDV
YDOLGFRQGLWLRQLQDOOFDOFXODWLRQLQWKLVFDVH)LJXUHVKRZVWKDWDWDOOGHSWKVDQ\LQFUHDVHLQZDYHKHLJKWOLQHDUO\
GHFUHDVHVWKHUDWLREHWZHHQWRWDOLQOLQHIRUFHVDQGOLIWIRUFHV7KLVUDWLRKRZHYHULQFUHDVHVDVWKHGHSWKLQFUHDVHVVLQFH
WKHLQFUHDVHLQWKHZDYHKHLJKWPD[LPXPWKHHIIHFWWKHRUELWDOYHORFLW\RQHFDQFDOFXODWHWKDWWKHHIIHFWRIPDJQLWXGH
RIRUELWDOYHORFLW\LVPRUHGRPLQDWHLQWKHFDOFXODWLRQRIOLIWIRUFHV6LPLODUUHVXOWVFDQEHGHSLFWHGZKHQWKHGLDPHWHUV
RIWKHVXEPHUJHGLVXQGHUFRQVLGHUDWLRQ+LVFOHDUIURP)LJXUHWKDWDWFRQVWDQWGHSWKVDQGGLDPHWHUVDVWKHZDYH
KHLJKWLQFUHDVHVWKHUDWLRRIWRWDO,QOLQHIRUFHVWROLIWIRUFHVGHFUHDVHVSURYLQJWKDWWKHRUELWDOYHORFLW\LVPRUHHIIHFWLYH
RQOLIWIRUFHVWKDQ,QOLQHIRUFHV2QWKHRWKHUKDQGDVWKH+'UDWLRLVNHSWFRQVWDQWDVWKHGHSWKLQFUHDVHV,QOLQH
IRUFHVEHFRPHVGRPLQDWHZLWKUHVSHFWWRWKHOLIWIRUFH
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
)LJXUH7KHVWHHSFKDQJHLQUDWLRRIWRWDO,QOLQHIRUFHVWROLIWIRUFHZKHQH'EHFRPHV
TXDUWHUWKDQIRUGLIIHUHQWGHSWKV


)LJXUH&RPSDULVRQRILQOLQHIRUFHVWROLIWIRUFHVDWWKHGLIIHUHQWZDYHKHLJKWVDQGGHSWKV

)LJXUH/LQHDUUHODWLRQVKLSEHWZHHQGLPHQVLRQOHVVIRUFHUDWLRDQGZDYHKHLJKWWRSLSHGLDPHWHUUDWLR
5.1. Spanning length analyses and comparison s 

$QDOORZDEOH\LHOGVWUHVVPHWKRGLVXVHGWRILQGRXWWKHOLPLWVRIVXVSHQVLRQRIIUHHVSDQQLQJSLSHV,QWKLVPHWKRG
WKHDOORZDEOH\LHOGVWUHVVIRUPXODVIRUDVLPSOHVXSSRUWHGEHDPLVXVHGWRGHWHUPLQHWKHPD[LPXPVSDQQLQJOHQJWK
RIVXEPHUJHGSLSH7KHUHVXOWVIRUGLIIHUHQWGLDPHWHUVDQGWKLFNQHVVHVDUHDQDO\]HGDQGJHQHUDOVROXWLRQVDUHSURSRVHG
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)RUVLPSOHVXSSRUWHGSLSHVWKHPD[LPXPPRPHQWLVH[SHULHQFHGDWWKHFHQWHURIWKHOHQJWKRIWKHSLSH$VORQJDV
WKHPD[LPXPPRPHQWGXHWRWKHFURVVOLQHIRUFHVLVFDOFXODWHGWKHPDJQLWXGHRIEHQGLQJVWUHVV%\FRPSDULQJWKH
\LHOGVWUHVVZLWKEHQGLQJVWUHVVRIWKHSLSHVFULWLFDOVSDQQLQJOHQJWK/SFDQEHHDVLO\SXWRXWDVIROORZLQJLQEHORZ
qY
SILP
           
,QZKLFK6LVHTXDOWR\LHOGVWUHVVRIWKHSLSHDQG<LVWKHSHUSHQGLFXODUGLVWDQFHWRWKHQHXWUDOD[LVDWWKHFHQWHURI
SLSHLWPHDQVWKDW< '
7KHVSDQQLQJOHQJWKVRISLSHVIRUGLIIHUHQWGLDPHWHUVDQGSLSHWKLFNQHVVHVDUHFDOFXODWHG
,WLVHYLGHQWIURP)LJXUHWKDWDWFRQVWDQWGLDPHWHUVDVWKHLQWHUQDOGLDPHWHUVGHFUHDVHVWKHIUHHVSDQQLQJSLSH
LQFUHDVHV2QWKHRWKHUKDQGDVNHSWWKHGLDPHWHUWKLFNQHVVHVKDYHDGLUHFWUHODWLRQVKLSZLWKIUHHVSDQQLQJSLSHV



)LJXUH5DWLREHWZHHQIUHHVSDQSLSHVWRLQWHUQDOGLDPHWHURYHURXWHUGLDPHWHU
&RQFOXVLRQ
7KLVVWXG\KDVEHHQFDUULHGRXWWRFDOFXODWHWKHPD[LPXPVSDQQLQJOHQJWKVRIGLIIHUHQWVL]H+'3(SLSHOLQHVDW
FRDVWDOHQYLURQPHQWV7KHZRUNLVOLPLWHGWRWKHORZ5H\QROGVQXPEHUOHVVWKDQîDQG.HXOHJDQ&DUSHQWHU
QXPEHUEHWZHHQDQG7KHOLPLWDWLRQVZHUHYDOLGDWLQWHUPHGLDWHGHSWKVZKHUHWKHUDWLRRIZDWHUGHSWKWRZDYH
OHQJWKLVFRQVLGHUHGWREHLQEHWZHHQDQG8QGHUWKHVHOLPLWDWLRQVDOOWKHK\GURG\QDPLFIRUFHVDFWLQJRYHU
WKHVXEPHUJHGF\OLQGULFDOSLSHDWWKHERWWRPRIWKHVHDDUHGHGXFWHG&RPELQDWLRQVRIDOOWKHIRUFHVDUHVXPXSWRWZR
PDLQIRUFHVDFWLQJDWLQOLQHDQGFURVVIORZGLUHFWLRQV,QDGGLWLRQPD[LPXPIUHHVSDQOHQJWKVZHUHFDOFXODWHGE\
XVLQJ \LHOG VWUHVV IRU WKUHH GLIIHUHQW GLDPHWHUV DQG YDULDEOH WKLFNQHVV 7KHPDLQ FRQFOXVLRQV RI WKH VWXG\ DUH DV
IROORZLQJ
x8QWLOWKHH'UDWLRLVHTXLYDOHQWWRWKHPDJQLWXGHRIFURVVIORZIRUFHVLVDOPRVWHTXDOWRWKHPDJQLWXGHRILQ±
OLQHIRUFHV$VH'UDWLRJHWVELJJHUWKHHIIHFWRIFURVVIORZIRUFHVUHGXFHVDQGEHFRPHVQHJOLJLEOHZLWKUHVSHFW
WRLQOLQHIRUFHVZKHQH'EHFRPHVJUHDWHUWKDQ
x:KDWHYHUWKHGHSWKRIIORZRUWKHGLDPHWHURIWKHSLSHZLWKLQWKHLQWHUPHGLDWH]RQHLVDVWKHRFHDQZDYHKHLJKW
LQFUHDVHVWKHUDWLREHWZHHQWRWDOLQOLQHIRUFHDQGOLIWIRUFHOLQHDUO\GHFUHDVHV
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x7KHOLPLWDWLRQVRIWKHVWXG\ZHUHDVVLJQHGIRUSUHYHQWLQJYRUWH[LQGXFHGYLEUDWLRQDURXQGWKHVXEPHUJHGSLSHV
7KH UHVXOWV RI WKH VWXG\ZHUH DOO UHYLHZHG LI WKLV FRQGLWLRQ LV VDWLVILHG RU QRW7KHRXWFRPHV VKRZ WKDW WKH
OLPLWDWLRQVDUHVDWLVIDFWRULO\XVHGZLWKQRYRUWH[VKHGGLQJYLEUDWLRQDURXQGWKHSLSHV
x7KHPD[LPXPVSDQQLQJOHQJWKRIWKHVXEPHUJHG+'3(SLSHVZLWKVLPSOHVXSSRUWVDWERWKHQGVDUHDQDO\]HG
IRUWKHLUVWDELOLW\7KHEDVLFFRQFHSWVRIVWDELOLW\DQDO\VHVZHUHDSSOLHGZKLOHWKHVWUHVVRQWKHSLSHVGXHWRWKH
H[WHUQDOIRUFHVZDVFRPSDUHGWRWKH\LHOGVWUHVVRI+'3(SLSHV7KLVVWDELOLW\FKHFNZDVFDUULHGRXWIRUGLIIHUHQW
GLDPHWHUGLIIHUHQWWKLFNQHVVDQGGLIIHUHQWOHQJWKVRIWKHSLSHV

7KLVVWXG\FDQEHIXUWKHUGHYHORSHGE\FDQDO\VLQJWKHSLSHVDWGHHSZDWHUGHSWKVZKLOHVXVSHQGHGLQWKHVHD7KLV
ZLOOHOLPLQDWH WKHHIIHFWRIZDYHVEXWGRPLQDWH WKHHIIHFWRIFXUUHQWV0RUHRYHU LQYHVWLJDWLQJ WKHYRUWH[ LQGXFHG
VKHGGLQJIRULQOLQHVHFWLRQDQGFURVVIORZVHFWLRQRIVXVSHQGHG+'3(SLSHZKHQ.&LVELJJHUWKDQDQGILQGLQJ
PD[LPXPVSDQOHQJWKVIRUGLIIHUHQWERXQGDU\FRQGLWLRQVZLOOEHDSRVLWLYHDFKLHYHPHQWLQRIIVKRUHHQJLQHHULQJ

5HIHUHQFHV

>@ 6XEPDULQHSLSHOLQHV\VWHPVRIIVKRUHVWDQGDUG'1926)'HW1RUVNH9HULWDV2FWREHU1RUZD\
>@ )UHHVSDQQLQJSLSHOLQHVUHFRPPHQGHGSUDFWLFH'1953)'HW1RUVNH9HULWDV+¡YLN1RUZD\
>@ %6&RGHRISUDFWLFHIRUSLSHOLQHSDUW3LSHOLQHVXEVHD'HVLJQFRQVWUXFWLRQDQGLQVWDOODWLRQ%ULWLVK
>@ KWWSVZZZVFULEGFRPGRF'195XOHVIRU6XEPDULQH3LSHOLQH6\VWHPVRQOLQH
>@ 6XPHU%0	)UHGV¡H-Hydrodynamics around cylindrical structures1R:RUOG6FLHQWLILF
>@ 0RXVVHOOL$+2IIVKRUHSLSHOLQHGHVLJQDQDO\VLVDQGPHWKRGV
>@ .XW]0(GApplied plastics engineering handbook: processing and materials:LOOLDP$QGUHZ
>@ 2QJ0&8WQHV7+ROPHGDO/(0\UKDXJ'	3HWWHUVHQ%Numerical simulation of flow around a circular cylinder close 
to a flat seabed at high Reynolds numbers using a k–İ model&RDVWDO(QJLQHHULQJ
>@ =DQJ=37HQJ%%DL:	&KHQJ/$ILQLWHYROXPHVROXWLRQRIZDYHIRUFHVRQVXEPDULQHSLSHOLQHVOcean engineering
34
>@ =KHQJ=&	=KDQJ1)UHTXHQF\HIIHFWVRQOLIWDQGGUDJIRUIORZSDVWDQRVFLOODWLQJF\OLQGHUJournal of Fluids and Structures
24
>@ 6ROOXQG+$9HGHOG.+HOOHVODQG-	)\ULOHLY2Dynamic response of multi-span offshore pipelinesMarine Structures39

>@ ',17\SH³3LSHVRI+LJK'HQVLW\3RO\HWK\OHQH+LJK'HQVLW\3(7\SH'LPHQVLRQV´


